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Abstract
We study the vacuum polarization of a massive scalar field φ with arbitrary coupling to gravity
in pointlike global monopole spacetime. Using Schwinger-DeWitt proper time formalism, we cal-
culate the vacuum expectation value < φ2 >, when the Compton length of the quantum field is
much less than the characteristic radius of the curvature of the background geometry, and we can
ignore nonlocal contributions. Explicit analytic expressions are obtained for a general curvature
coupling parameter, and specified to the more physical cases of minimal and conformal coupling.
Comparing the leading term of < φ2 >, proportional to the coincident limit of the Hadamard-
DeWitt coeficcient a2, with higher order terms, that include the coincident limits of coefficients up
to a5, we conclude that the next to next to next to leading approximation need to be used to give
a more precise description of vacuum polarization effects in this structures. We also find the trace
of the renormalized stress energy tensor for the quantized field in the leading approximation, using
the existing relationship between this magnitude, the trace anomaly and the field fluctuation.
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I. INTRODUCTION
The General Theory of Relativity and Quantum Theory are two fundamental pillars of
modern physics, which have resulted monuments of human knowledge with solidly estab-
lished foundations. The General Theory of Relativity allows us to describe the cosmos, from
quasars to black holes [1]. In contrast, Quantum Theory describes the phenomena of the
microworld, from atoms to quarks. Both theories have, in their scale of application, the
highest reputation, thanks to their enormous predictive power.
Unfortunately, when you try to apply together to the description of the microworld,
serious problems arise. All attempts to develop a conceptual framework where the General
Theory of Relativity and Quantum Theory are part of a unified theory, have failed so far,
so the search for a quantum theory of gravity is currently an exciting subject of enormous
scientific interest.
However, at the beginning of quantum theory, some of the typical problems addressed
included the interaction of microscopic systems, such as atoms and electrons, with external
physical fields, such as electric and magnetic fields. In the absence of a complete quantum
theory of fields, these problems were addressed considering these external fields as completely
classical, while the atoms were described using quantum mechanics. This semiclassical
approach allowed to obtain interesting results on the behavior of matter at the microscopic
level in the presence of external fields. We can mention the basic descriptions of the Zeeman
and the Stark effects as relevant examples.
Therefore, it is reasonable to think that there may be a similar regime, in which the
influence of gravitation on microscopic phenomena could be analyzed. Such a semi-classical
approach, initiated in Hawking’s pioneering work on the radiation of black holes, is known
as Quantum Field Theory in curved spacetimes, and is analogous to that used in the early
years of quantum theory to address the problems mentioned above. In this approach, all
matter fields, except the gravitational one, are described using quantum field theory. The
gravitational field, on the other hand, is described using the general theory of relativity
[2–4].
In Quantum field theory in curved space-times, also called semiclassical gravity, the
physical magnitudes of greatest interest to be determined are the quantum stress-energy
tensor of the quantized fields, < Tµν > and the expectation value of the square of the
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quantum field, or vacuum polarization < φ2 >, where φ is the quantum field amplitude. The
vacuum polarization < φ2 > provides information about spontaneous symmetry breaking
in a given background spacetime, and can be used to determine the trace of < Tµν > for
conformally coupled scalar fields. Also, being often computed with much less effort than the
stress energy tensor operator, also gives qualitative information about this quantity. The
stress energy tensor of the quantum field enters as a source in the semiclassical Einstein
equations that can be solved providing insight into the ways in which quantum fields can
affect the spacetime background [4–6].
However, the exact determination of < φ2 > and < Tµν > in the general case is a very
difficult task, and consequently there exist in the literature several approaches to obtain
this quantity, including numerical ones [7, 8, 10–15, 17–19, 23]. An important case in which
there exist an analytic approximation to < φ2 > and < Tµν > is the related with massive
fields. This approach, based on the Schwinger-DeWitt expansion of the Greens´ function
of the dynamical operator that describes the evolution of the quantum field, gives good
approximation whenever the Compton’s wavelenght of the field is less than the characteristic
radius of curvature [3, 10–19].
In the Schwinger-DeWitt approach, to determine < Tµν > we need to functionally dif-
ferentiate the effective action with respect to the metric tensor, wich is a very difficult
task. However, the calculation of the vacuum polarization only requires the use the Green
function.
In this paper we will focus on the determination of the vacuum polarization of a quan-
tized massive scalar field, with arbitrary coupling to the background gravitational field of a
pointlike global monopole, whose line element was discovered by Barriola and Vilenkin [20].
Monopoles are interesting systems to be considered because they constitute heavy objects
formed in the early universe as a result of a phase transition of a system consisting of a self-
coupled scalar field triplet whose original global O(3) symmetry is spontaneously broken to
U(1). The scalar field plays the role of order parameter which acquires a nonvanishing value
outside the monopole core, in which the main part of the monopole’s energy is concentrated.
This is a first step in the investigation of vacuum polarization effects in this spacetime us-
ing the Schwinger-DeWitt approach. Previous works devoted to the quantization of quantum
fields global monopole spacetime includes the analysis of massless scalar fields [21, 22, 24],
and the determination of the quantum stress energy tensor for a massless spinor field [25, 26].
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The paper is organized as follows. In Section II we give a brief description of the space-
time that describes a pointlike global monopole, presenting the line element that will be
used as the background to find the vacuum polarization. Section III is devoted to the con-
struction of 〈φ2〉 for a massive scalar field in a general gravitational spacetime in terms
of the Hadamard-DeWitt coeficients up to the next to next to next to leading term a5 in
four dimensions. Explicit analytic results for the vacuum polarization in the spacetime of
a pointlike global monopoles are presented and discussed in Section IV, whereas Section V
contains our concluding remarks and some perspective about future works on this subject.
II. THE BACKGROUND
Barriola and Vilenkin analysed a simple model which gives rise to a global monopole.
The Langrangian density for the model is [20]
L =
1
2
(∂µφ
a)(∂µφa)−
1
4
λ(φaφa − η2)2 , (1)
where, for a typical grand unified theory the parameter η is of order 1016Gev. Considering
the equations derived from the above Lagrangian density and the Einstein equations, we
obtain the spherically symmetric solution:
ds2 = −A(r)dt2 + A−1(r)dr2 + r2(dθ2 + sin2 θdϕ2) , (2)
where A(r) is given by
A(r) = 1− 8piη2 − 2M/r . (3)
far from the monopole’s core, and M is the mass parameter. Neglecting this mass term we
obtain the metric of the pointlike global monopole,
ds2 = −α2dt2 + dr2/α2 + r2(dθ2 + sin2 θdϕ2) , (4)
where the parameter α2 = 1− 8piη2.
If we re-scale the time and radial variable in the above metric as τ = αt and ρ = r
α
we
obtain the line element
ds2 = −dτ 2 + dρ2 + α2ρ2(dθ2 + sin2 θdϕ2) , (5)
This particular form of the line element for the global monopole, allow us to see a pecu-
liarity of this spacetime, that is a solid angle deficit, which is the difference between the solid
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angle in the flat spacetime 4pi and the solid angle in the global monopole spacetime which is
given by 4piα2. When the parameter α < 1 imply a solid angle deficit whereas α > 1 imply
solid angle excess. As the physical value for α predicted by field theory is smaller than unit,
then we have a solid angle deficit for the global monopole spacetime.
An interesting fact derived from the line element (4) is that the geometry around the
global monopole has non-vanishing curvature, whereas this heavy object has no Newtonian
gravitational potential, and consequently exerts no gravitational force on the matter around
it, apart from the tiny gravitational effect due to the core. This gives a divergent mass for
the monopole, proportional to the distance from monopole origin [20].
In [27], the fact that, although the global monopole has no Newtonian gravitational
potential, it gives enormous tidal acceleration a ∼ 1/r2, was considered in the cosmological
context to obtain an upper bound on the number density of them in the Universe, which
is at most one global monopole in the local group galaxies. However, in [28], was showed
using numerical simulations that the real upper boundary is smaller by many orders than
that derived by Hiscock in [27], as they find scaling solution with a few global monopoles
per horizon volume.
III. φ2 CONSTRUCTED USING SCHWINGER-DEWITT EXPANSION
In this section we construct the vacuum polarization φ2 for a massive scalar field with
mass µ and arbitrary coupling to an arbitrary gravitational background with metric tensor
gµν , using the Schwinger-DeWitt approach. We mainly follow the simple derivation given by
Matyjasek and Tryniecki in reference [29]. The massive scalar field satisfy the Klein-Gordon
equation (
−✷+ µ2 + ξR
)
φ = 0, (6)
where ξ is the coupling constant and R is the Ricci scalar.
The vacuum polarization in the background spacetime is defined as [21]
〈φ2〉 = −i lim
x′→x
GF (x, x′). (7)
where GF (x, x′) is the Feynmann Green’s of equation (6). As this object diverges when
x′ → x, we need to regularize it. For this reason, in the following we use the Schwinger-
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DeWitt proper-time formalism which assumes that G(x, x′) is given by
GF (x, x′) =
i∆1/2
(4pi)2
∫
∞
0
ids
1
(is)2
exp
[
−iµ2s+
iσ(x, x′)
2s
]
A(x, x′; is), (8)
where
A(x, x′; is) =
∞∑
k=0
(is)kak(x, x
′), (9)
s is the proper time and the biscalars ak(x, x
′) are called Hadamard-DeWitt coefficients. Also
∆(x, x′) is the Van-Vleck-Morette determinant and the biscalar σ(x, x′) represent one-half
of the geodetic distance between the spacetime points x and x′.
Defining the regularized biscalar Areg(x, x
′; is) as
Areg(x, x
′; is) = A(x, x′; is)−
1∑
k=0
ak(x, x
′)(is)k, (10)
we can put, in Eq. (8), Areg(x, x
′; is) instead of A(x, x′; is), which gives finally the regularised
four dimensional Green’s function Greg(x, x
′) as:
Greg(x, x
′) =
i∆1/2
(4pi)2
∫
∞
0
ids
1
(is)2
exp
[
−iµ2s+
iσ(x, x′)
2s
] N∑
k=2
ak(x, x
′)(is)k, (11)
Calculating the integral (11) by making the substitution µ2 → µ2 − iε (ε > 0) [29], and
putting the obtained result in (7) we have the regularised field fluctuation 〈φ2〉Nreg:
〈φ2〉Nreg =
1
(4pi)2
N∑
k=2
ak
(µ2)k−1
(k − 2)!, (12)
where ak = limx′→x ak(x, x
′) are the coincidence limits of the Hadamard-DeWitt biscalars
and the upper sum limit, N , gives the order of the Schwinger-DeWitt approximation in
〈φ2〉Nreg. We expect that if the Compton length associated with the field λc, is less than
the characteristic radius of the curvature of the background geometry, L, then he leading
term in (12), proportional to the inverse of the squared field’s mass, gives a reasonable
approximation to 〈φ2〉.
The inclusion of higher terms in the above expansion will be always well motivated, in
order to obtain a value for the field fluctuation closely to the exact value of this quantity.
In the rest of the paper our aim is to take into account in (12) terms up to the next to
next to next to leading order, which imply the calculation of the coincidence limit of the
Hadamard-DeWitt coefficients up to [a5].
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A. Hadamard-DeWitt coefficients
As we see from (12), the main task for the calculation of the vacuum polarization is
the determination of the coincidence limit of the Hadamard-DeWitt biscalars ak(x, x
′), that
satisfy the recurrence equation
σ;iak;i + kak −∆
−1/2
✷
(
∆1/2ak−1
)
+ ξRak−1 = 0, (13)
with the boundary condition a0(x, x
′) = 1.
Up to now, there are some previous works that give this coefficients up to order k = 5
[3, 11, 30, 31, 33]. In this work, we used the transport equation approach of Ottewill and
Wardell [31], and obtained general expressions for the coincidence limit of the Hadamard-
DeWitt coefficients up to a5, by solving the transport equations given in [31] using the
software package xAct for Wolfram Mathematica [32]. Then we have the results a0 = 1,
a1 =
1
6
R, and, up to N = 5:
a2 =
1
360
(−2RαβR
αβ + 5R2 + 2RαβγδR
αβγδ + 12R;αα) (14)
a3 =
1
15120
(584Rα
γRαβRβγ − 654RαβR
αβR + 99R3 + 456RαβRγδRαγβδ + 72RRαβγδR
αβγδ
−80Rαβ
ǫρRαβγδRγδǫρ + 51R;αR
;α − 12Rαγ ;βR
αβ ;γ − 6Rαβ ;γR
αβ ;γ + 27Rαβγδ ;ǫR
αβγδ ;ǫ
+84RR;αα + 36RαβR
;αβ − 24RαβRαβ
;γ
γ + 144RαγβδR
αβ ;γδ + 54R;αα
β
β)
+
ξ
360
(2RαβR
αβR− 5R3 − 2RRαβγδR
αβγδ − 12R;αR
;α − 22RR;αα − 4RαβR
;αβ − 6R;αα
β
β)
+
ξ2
12
(R3 +R;αR
;α + 2RR;αα)−
ξ3
6
R3 (15)
a4 =
1
1814400
(−32736Rα
γRαβRβ
δRγδ + 8436RαβR
αβRγδR
γδ + 59136Rα
γRαβRβγR
−43518RαβR
αβR2 + 2700RRαβγδ;ǫR
αβγδ ;ǫ + 8352RRαγβδR
αβ ;γδ
+5743R4 + 13944RαβRγδRRαγβδ + 3618R
2RαβγδR
αβγδ + 168RαβRγδRαγ
ǫρRβδǫρ
+14832RαβRγδRα
ǫ
β
ρRγǫδρ − 3282RαβR
αβRγδǫρR
γδǫρ − 2496Rαβ
ǫρRαβγδRγǫ
στRδρστ
−4480RRαβ
ǫρRαβγδRγδǫρ + 1248Rαβ
ǫρRαβγδRγδ
στRǫρστ + 696RαβγδR
αβγδRǫρστR
ǫρστ
−65040RβγRβγ ;αR
;α + 13740RR;αR
;α − 2160RRαγ ;βR
αβ ;γ − 11136RαβRγδRαγ ;βδ
+6960RβγδǫRβγδǫ;αR
;α + 1440RαβRγδ ;αRγδ ;β − 1560RαβR
;αR;β + 2880RβγR;αRαβ ;γ
−5760Rα
δǫρRγδǫρ;βR
αβ ;γ − 28920RRαβ ;γR
αβ ;γ + 27840RαδβǫR
δǫ
;γR
αβ ;γ − 7680RαβRγδ;βRα
γ ;δ
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+4800RαβRβδ ;γRα
γ ;δ + 85440RαβRβγ ;δRα
γ ;δ − 1920RαβγδR
;αRβγ ;δ − 1920RβγδǫR
αβ ;γRα
δ ;ǫ
−7680RαδβǫR
αβ ;γRγ
δ ;ǫ + 14400RαβRαγβǫ;δR
γδ;ǫ + 34080RαβRαγβδ;ǫR
γδ ;ǫ
+12960RαβRβδγρ;ǫRα
γδǫ;ρ − 10800RαβγδRγδǫρ;σRαβ
ǫρ;σ − 9792RβγR
βγR;αα + 4608R
2R;αα
+1296RβγδǫR
βγδǫR;αα + 432RαβRR
;αβ + 1632RγδRαγβδR
;αβ + 936R;αβR
;αβ
+1008R;ααR
;β
β + 10464R
αβRγδRαβ ;γδ − 18000R
αβRRαβ
;γ
γ + 624R
;αβRαβ
;γ
γ
−14016Rαγ
ǫρRβδǫρR
αβ ;γδ + 384Rα
ǫ
β
ρRγǫδρR
αβ ;γδ + 1872Rγδ ;αβR
αβ ;γδ − 4032Rαγ ;βδR
αβ ;γδ
+1872Rαβ ;γδR
αβ ;γδ + 2304RαβRγδǫρRαγβǫ;δρ − 216R
αβ ;γ
γRαβ
;δ
δ + 23904Rα
γRαβRβγ
;δ
δ
+8448RαβRβδγǫRα
γ ;δǫ + 12288RαβRαγβδR
γδ ;ǫ
ǫ + 576Rαβγδ;ǫρR
αβγδ ;ǫρ + 2640R;αR;α
β
β
+960Rαβ ;γR
;αβγ − 480Rαβ ;γRαγ ;β
δ
δ − 240R
αβ ;γRαβ ;γ
δ
δ + 5760Rαγβδ ;ǫR
αβ ;γδǫ
+1080RR;αα
β
β + 960RαβR
;αβγ
γ − 240R
αβRαβ
;γ
γ
δ
δ + 1920RαγβδR
αβ ;γδǫ
ǫ + 480R
;α
α
β
β
γ
γ)
+
ξ
15120
(−584Rα
γRαβRβγR + 654RαβR
αβR2 − 99R4 − 456RαβRγδRRαγβδ − 72R
2RαβγδR
αβγδ
+80RRαβ
ǫρRαβγδRγδǫρ + 12R
βγRβγ ;αR
;α − 135RR;αR
;α − 36RβγδǫRβγδǫ;αR
;α + 102RαβR
;αR;β
+24RβγR;αRαβ ;γ + 12RRαγ ;βR
αβ ;γ + 6RRαβ ;γR
αβ ;γ + 24RαβγδR
;αRβγ ;δ − 27RRαβγδ ;ǫR
αβγδ ;ǫ
+30RβγR
βγR;αα − 123R
2R;αα − 18RβγδǫR
βγδǫR;αα − 48RαβRR
;αβ − 72RγδRαγβδR
;αβ
−72R;αβR
;αβ − 84R;ααR
;β
β + 24R
αβRRαβ
;γ
γ − 24R
;αβRαβ
;γ
γ − 144RRαγβδR
αβ ;γδ
−210R;αR;α
β
β − 36Rαβ ;γR
;αβγ − 96RR;αα
β
β − 36RαβR
;αβγ
γ − 18R
;α
α
β
β
γ
γ)
+
ξ2
720
(−2RαβR
αβR2 + 5R4 + 2R2RαβγδR
αβγδ + 34RR;αR
;α − 12RαβR
;αR;β + 32R2R;αα
+8RαβRR
;αβ + 8R;αβR
;αβ + 10R;ααR
;β
β + 24R
;αR;α
β
β + 12RR
;α
α
β
β)
+
ξ3
36
(−R4 − 3RR;αR
;α − 3R2R;αα) +
ξ4
24
R4 (16)
a5 =
1
119750400
(−900736RαβR
αβRγ
ǫRγδRδǫ − 1297920Rα
γRαβRβ
δRγδR + 1367004RαβR
αβRγδR
γδR
+89530R3RαβγδR
αβγδ + 16512RαβRγδRα
ǫ
β
ρRγǫ
στRδρστ − 82656R
αβRγδRαγ
ǫρRβδ
στRǫρστ
+1858640Rα
γRαβRβγR
2 − 1332402RαβR
αβR3 + 152693R5 + 219000RαβRγδR2Rαγβδ
+156312RαβRγδRRαγ
ǫρRβδǫρ − 107800R
2Rαβ
ǫρRαβγδRγδǫρ − 1021632Rα
γRαβRβ
δRǫρRγǫδρ
−471360RαβR
αβRγδRǫρRγǫδρ + 438768R
αβRγδRRα
ǫ
β
ρRγǫδρ − 332262RαβR
αβRRγδǫρR
γδǫρ
−142656Rα
γRαβRδǫRβ
ρ
γ
σRδρǫσ + 165312R
αβRγδRαγ
ǫρRβǫ
στRδρστ
−122400RRαβ
ǫρRαβγδRγǫ
στRδρστ + 188288Rα
γRαβRβγRδǫρσR
δǫρσ
+61200RRαβ
ǫρRαβγδRγδ
στRǫρστ + 159136RαβR
αβRγδ
στRγδǫρRǫρστ
8
+77376RαβRγδRαγβδRǫρστR
ǫρστ + 19558344RβγRRβγ ;αR
;α − 4045236R2R;αR
;α
+39984RRαβγδR
αβγδRǫρστR
ǫρστ + 91392Rαβ
ǫρRαβγδRγδ
στRǫσ
κλRρτ κλ
−45696Rαβ
ǫρRαβγδRγδ
στRǫρ
κλRστ κλ − 34368RαβγδR
αβγδRǫρ
κλRǫρστRστ κλ
−21437712Rβ
δRβγRγδ ;αR
;α − 4124208RβγRβδγǫR
δǫ
;αR
;α + 5396424RβγR
βγR;αR
;α
+241398RβγδǫR
βγδǫR;αR
;α − 836028RRβγδǫRβγδǫ;αR
;α − 3149568RβγRδǫRβδγǫ;αR
;α
−326592Rβγ
ρσRβγδǫRδǫρσ ;αR
;α + 807696RαβRRγδ ;αRγδ ;β − 1932624Rα
βRγδR;αRγδ ;β
−5280RβγRαδγǫR
;αRδǫ;β + 807072R
αβRγδRǫρ;αRγǫδρ;β − 526200Rα
γRβγR
;αR;β
+191772RαβRR
;αR;β − 736536RγδRαγβδR
;αR;β + 6856176RβγRR;αRαβ ;γ
+241992Rα
γRαβRδǫ;βRδǫ;γ + 4805376R
αβRβǫδρR
γδ
;αR
ǫρ
;γ + 4684080R
2Rαγ ;βR
αβ ;γ
+155208RδǫρσR
δǫρσRαγ ;βR
αβ ;γ − 806304RRα
δǫρRγδǫρ;βR
αβ ;γ − 763296Rα
δǫρRǫρ
στRγδστ ;βR
αβ ;γ
+2580132R2Rαβ ;γR
αβ ;γ − 487944RδǫρσR
δǫρσRαβ ;γR
αβ ;γ + 1798176RRαδβǫR
δǫ
;γR
αβ ;γ
−1507920Rαδ
ρσRβǫρσR
δǫ
;γR
αβ ;γ + 2898720Rα
ρ
β
σRδρǫσR
δǫ
;γR
αβ ;γ − 6241920Rβ
δRβγR;αRαγ ;δ
+1822080Rα
βRγδR;αRβγ ;δ + 2472096R
αβRγδRα
ǫ
;γRβǫ;δ − 1651104R
αβRγδRα
ǫ
;βRγǫ;δ
−10000416RαβRRγδ ;βRα
γ ;δ − 9098544RαβRRβδ ;γRα
γ ;δ − 10746912RαβRRβγ ;δRα
γ ;δ
−859920RRαβγδR
;αRβγ ;δ − 349824Rα
ǫ
δ
ρRβǫγρR
;αRβγ ;δ − 470544Rαβ
ǫρRγδǫρR
;αRβγ ;δ
+356832Rαβ
ǫρRαβγδRρστ κ;δRγ
στ κ
;ǫ − 5862720R
αβRγδRγǫ;δRαβ
;ǫ − 8640336RαβRγδRγδ ;ǫRαβ
;ǫ
+5012928RαβRγδRβǫ;δRαγ
;ǫ + 8810064RαβRγδRβδ ;ǫRαγ
;ǫ − 2592384RβγRβδγǫR
;αRα
δ ;ǫ
−3291264RRβγδǫR
αβ ;γRα
δ ;ǫ + 33120Rβǫ
ρσRγδρσR
αβ ;γRα
δ ;ǫ − 33120Rβδ
ρσRγǫρσR
αβ ;γRα
δ ;ǫ
+134880Rβγ
ρσRδǫρσR
αβ ;γRα
δ ;ǫ − 89472Rβ
ρ
γ
σRδρǫσR
αβ ;γRα
δ ;ǫ − 3247104RβγRαδγǫR
;αRβ
δ ;ǫ
+2323680RβγRαǫγδR
;αRβ
δ ;ǫ + 8320800Rα
γRαβRδǫ;γRβ
δ ;ǫ + 9750384Rα
γRαβRγǫ;δRβ
δ ;ǫ
+11572176Rα
γRαβRγδ ;ǫRβ
δ ;ǫ − 7426464RRαδβǫR
αβ ;γRγ
δ ;ǫ + 493920Rαδ
ρσRβǫρσR
αβ ;γRγ
δ ;ǫ
+912000Rα
ρ
β
σRδρǫσR
αβ ;γRγ
δ ;ǫ + 5089056RαβRαδβρRǫ
ρ
;γR
γδ ;ǫ − 7634784RαβR
αβRγǫ;δR
γδ ;ǫ
−4831872RαβRRαγβǫ;δR
γδ ;ǫ + 89856RαβRγ
ρ
ǫ
σRαρβσ;δR
γδ ;ǫ + 3264960RαβRα
ρ
γ
σRβρǫσ ;δR
γδ ;ǫ
+1777152RαβRα
ρ
ǫ
σRβσγρ;δR
γδ ;ǫ − 4651392RαβRα
ρ
γ
σRβσǫρ;δR
γδ ;ǫ
+3936192RαβRα
ρ
β
σRγρǫσ ;δR
γδ ;ǫ − 10610304RαβRα
ρ
γ
σRβσδρ;ǫR
γδ ;ǫ
−39168Rγ
δǫρRδ
σ
ǫ
τRαβ ;γRασβτ ;ρ + 356832Rαβ
ǫρRαβγδRγ
στ κ
;δRǫστ κ;ρ
−1655496RαβR
αβRγδ ;ǫR
γδ ;ǫ − 6984576RαβRαδβρRγ
ρ
;ǫR
γδ ;ǫ − 3366432RαβRRαγβδ ;ǫR
γδ ;ǫ
−6791232RαβRγ
ρ
δ
σRαρβσ ;ǫR
γδ;ǫ + 23185728RαβRα
ρ
γ
σRβρδσ ;ǫR
γδ ;ǫ
9
−2938176RαβRα
ρ
β
σRγρδσ ;ǫR
γδ;ǫ + 171594R2Rαβγδ ;ǫR
αβγδ ;ǫ + 314160RαβγδRǫρστRǫρστ ;κRαβγδ
;κ
−2461824Rα
ǫ
γ
ρRαβγδRǫσρτ ;κRβ
σ
δ
τ ;κ + 35856Rαβ
ǫρRαβγδRǫρστ ;κRγδ
στ ;κ
+202356RαβγδR
αβγδRǫρστ ;κR
ǫρστ ;κ − 1522176RβγRβ
δǫρR;αRαδγǫ;ρ
+341952Rα
βRγδǫρR;αRβγδǫ;ρ − 356832Rαβ
ǫρRαβγδRγ
στ κ
;ǫRδστ κ;ρ
+116160RαβRγδRγǫδρ;βRα
ǫ;ρ − 791424RαβRγδRβγδρ;ǫRα
ǫ;ρ + 1156512RαβRγǫδρRα
γ ;δRβ
ǫ;ρ
+1855296RαβRαǫβρR
γδ ;ǫRγδ
;ρ + 1174080RαβRαδβρR
γδ ;ǫRγǫ
;ρ − 5450112RαβRβδǫρRα
γ ;δRγ
ǫ;ρ
+5065152RαβRβǫδρRα
γ ;δRγ
ǫ;ρ − 1258752RαβRβγǫρRα
γ ;δRδ
ǫ;ρ + 5230464RαβRβǫγρRα
γ ;δRδ
ǫ;ρ
+1191168RαβRγδǫρRα
γ
;βR
δǫ;ρ − 1375296RαβRγδǫρRαβ
;γRδǫ;ρ + 7328064Rα
γRαβRβδγρ;ǫR
δǫ;ρ
−1192224Rα
γRαβRβδγǫ;ρR
δǫ;ρ − 1588704RαβRRβδγρ;ǫRα
γδǫ;ρ + 3409920RαβRγǫ
ρσRγδ;ǫRαδβρ;σ
+1821696RαβRα
ρ
γ
σRγδ ;ǫRβδǫρ;σ − 474864RR
αβγδRγδǫρ;σRαβ
ǫρ;σ + 361008RαβRγδRβδǫρ;σRαγ
ǫρ;σ
−838176RαβRγδRγǫδρ;σRα
ǫ
β
ρ;σ + 3496512Rα
γRαβRγǫδσ ;ρRβ
δǫρ;σ − 293028RαβR
αβRγδǫρ;σR
γδǫρ;σ
+1459200Rαγ
δǫRβ
ρστRαβ ;γRδǫρσ ;τ + 4167936R
αβRγδǫρRδǫρτ ;σRαγβ
σ ;τ
−2542848RαβRα
γδǫRγρǫτ ;σRβδ
ρσ ;τ + 1029888Rαβ ;γRβγδρ;ǫR
δǫ
;α
ρ
+1998912RαβRα
γ
β
δRδρǫτ ;σRγ
ǫρσ ;τ + 193920Rαβ ;γRγ
δ ;ǫRδǫ;αβ − 96192R
αβRγδRγǫδρR
ǫρ
;αβ
+357672R;αR;βR;αβ + 74016R
;αRβγ ;δRβδ ;αγ − 1763424R
;αRβγ ;δRβγ ;αδ
−103488Rβ
δRβγRγδR
;α
α + 193776RβγR
βγRR;αα − 15620R
3R;αα − 129696R
βγRδǫRβδγǫR
;α
α
+29580RRβγδǫR
βγδǫR;αα − 46216Rβγ
ρσRβγδǫRδǫρσR
;α
α + 211152Rβδ ;γR
βγ ;δR;αα
−124176Rβγ ;δR
βγ ;δR;αα − 651168Rα
γRβγRR
;αβ + 142656RγδRα
ǫ
γ
ρRβǫδρR
;αβ
+25560Rβγδǫ;ρR
βγδǫ;ρR;αα + 667392Rα
γRβ
δRγδR
;αβ − 310128RαβRγδR
γδR;αβ
+274008RαβR
2R;αβ − 179904RγδRRαγβδR
;αβ + 359040Rβ
γRδǫRαδγǫR
;αβ
−167424RγδRα
ǫ
β
ρRγǫδρR
;αβ + 27408RαβRγδǫρR
γδǫρR;αβ − 908832Rγδ ;αRγδ ;βR
;αβ
+125064Rγδǫρ;αRγδǫρ;βR
;αβ + 4992Rγδ ;βRα
γ ;δR;αβ − 21120Rβδ ;γRα
γ ;δR;αβ + 6528Rβγ ;δRα
γ ;δR;αβ
+43776Rαγδǫ;βR
γδ ;ǫR;αβ + 23616Rαγβδ ;ǫR
γδ;ǫR;αβ − 1028256RγδRγδ ;αβR
;αβ + 210696RR;αβR
;αβ
+119040RγδǫρRγδǫρ;αβR
;αβ − 382080R;αRβγ ;δRαδ ;βγ − 221376R
αβRγδRRαγ ;βδ
−197568Rαβ ;γRγ
δ ;ǫRαǫ;βδ − 153792R
αβ ;γRα
δ ;ǫRβǫ;γδ − 39456R
αβRδǫρσR
δǫρσRαβ
;γ
γ
+792000Rαβ ;γRα
δ ;ǫRγǫ;βδ − 194112R
αβ ;γRγ
δ ;ǫRαδ ;βǫ + 32832R
αβRγδ ;α
ǫRγδ;βǫ + 2748R;αR
;αR;ββ
+44568RR;ααR
;β
β + 25920Rβγ ;αR
;αR;βγ − 29088R;αRαβ ;γR
;βγ + 7200RβγR
;α
αR
;βγ
+173280RαβRγδRRαβ ;γδ + 145056R
;αRβγ ;δRαβ ;γδ + 24480R
γδR;αβRαβ ;γδ
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+86016Rα
γRαβRδǫRβδ ;γǫ + 2651328R
αβ ;γRα
δ;ǫRβδ ;γǫ + 643680R
αβ ;γRδǫ;ρRαδβǫ;γρ
+1569024Rαβ ;γRαδβǫ;ρR
δǫ
;γ
ρ − 31104RαγR
;αβR;γβ − 208080R
αβR2Rαβ
;γ
γ
+84960R;αR;βRαβ
;γ
γ + 1680RR
;αβRαβ
;γ
γ − 56664R
δǫρσ
;αRδǫρσ ;βR
αβ ;γ
γ
+6528RδǫρσRδǫρσ;αβR
αβ ;γ
γ + 123264Rαγ
ǫρRβδ
στRǫρστR
αβ ;γδ
+215712R2RαγβδR
αβ ;γδ − 426240RRαγ
ǫρRβδǫρR
αβ ;γδ − 19584RRα
ǫ
β
ρRγǫδρR
αβ ;γδ
−43008Rα
ǫρσRβ
τ
ρσRγǫδτR
αβ ;γδ − 246528Rαγ
ǫρRβǫ
στRδρστR
αβ ;γδ
+81216RαγβδRǫρστR
ǫρστRαβ ;γδ − 482112Rα
ǫρσ
;βRγǫρσ ;δR
αβ ;γδ + 6912Rγǫδρ;σRα
ǫ
β
ρ;σRαβ ;γδ
+31056RRγδ ;αβR
αβ ;γδ − 172224RRαγ ;βδR
αβ ;γδ − 251904Rα
ǫρσRγǫρσ ;βδR
αβ ;γδ
−358128RRαβ ;γδR
αβ ;γδ − 15648Rδǫ;γR
αβ ;γRαβ ;δǫ + 960R
αβ ;γRδǫ;ρRαγβρ;δǫ
+494208RαǫβρR
ǫρ
;γδR
αβ ;γδ + 42336RαγβδR
;αβR;γδ + 5376RγδR;αβRαγ ;δβ
+95424Rαβ ;γRγ
δ ;ǫRαβ ;δǫ − 39552Rα
γRαβRδǫRβγ ;δǫ − 341952R
αβ ;γRα
δ ;ǫRβγ ;δǫ
+16128RαβRRγδǫρRαγβǫ;δρ + 17280R
αβ ;γRγ
δǫρ;σRαǫβσ ;δρ + 345600R
αβ ;γRα
δǫρ;σRβǫγσ;δρ
−69384RRαβ ;γγRαβ
;δ
δ + 301824Rα
γRαβRRβγ
;δ
δ + 48288R
βγ
;αR
;αRβγ
;δ
δ − 108672R
;αRα
β ;γRβγ
;δ
δ
−178848RβγR;ααRβγ
;δ
δ + 6528Rα
γR;αβRβγ
;δ
δ − 10368R
αβRRβδγǫRα
γ ;δǫ + 63360RαβRδǫ;βγRα
γ ;δǫ
−195840RαβRγδ ;βǫRα
γ ;δǫ + 161664RαβRβδ ;γǫRα
γ ;δǫ + 1341120RαβRβγ ;δǫRα
γ ;δǫ
−101664R;αRαβγδ ;ǫR
βγ ;δǫ + 119808RβδγǫR
;α
αR
βγ ;δǫ + 653760R;αRβγδǫ;ρRαβγδ ;ǫρ
+26496RαβRγδRǫρRαγβδ ;ǫρ − 139200R
αβ ;γRδǫ;ρRαγβδ ;ǫρ + 253440Rα
γRαβRδǫρσRβδγρ;ǫσ
+146592R;αRαδβǫ;γR
βγ ;δǫ + 229152Rα
δ
;γR
αβ ;γRβδ
;ǫ
ǫ − 388368R
αβ ;γRαβ
;δRγδ
;ǫ
ǫ
−36864RαγδǫR
;αβRγδ;ǫβ + 211776R
αβRα
γ ;δ
δRβγ
;ǫ
ǫ − 418560Rγ
δ
;αR
αβ ;γRβδ
;ǫ
ǫ
+198336Rαβ ;γRαγ
;δRβδ
;ǫ
ǫ + 960Rα
γRαβRβ
δRγδ
;ǫ
ǫ − 206976RαβR
αβRγδRγδ
;ǫ
ǫ
+81696RαβRγδ ;αβRγδ
;ǫ
ǫ − 192000R
αβRα
γ
;β
δRγδ
;ǫ
ǫ + 93408R
αβRαβ
;γδRγδ
;ǫ
ǫ
+12960RαβRRαγβδR
γδ ;ǫ
ǫ − 36864R
αβγδRβσδτ ;ǫρRα
ǫ
γ
ρ;στ − 302400Rαδβǫ;γR
αβ ;γRδǫ;ρρ
+378048RαβRα
ρ
γ
σRβρδσR
γδ ;ǫ
ǫ + 36096R
αβRα
ρ
β
σRγρδσR
γδ ;ǫ
ǫ + 14400RαγβδR
;αβRγδ ;ǫǫ
+86976RαβRγδRγǫδρRαβ
;ǫρ + 126720Rαβ ;γRβǫγρ;δRα
δ ;ǫρ − 668160Rαβ ;γRβγδǫ;ρRα
δ ;ǫρ
−260352Rαβ ;γRβδγǫ;ρRα
δ ;ǫρ + 540672Rα
γRαβRγǫδρRβ
δ ;ǫρ − 9216RαǫβρR
αβ ;γδRγδ
;ǫρ
+590400Rαβ ;γRαǫβρ;δRγ
δ ;ǫρ − 140544Rαβ ;γRαδβǫ;ρRγ
δ ;ǫρ + 388608RαβRαγδ
σRβǫρσR
γδ ;ǫρ
+99840RαβRαγǫ
σRβσδρR
γδ;ǫρ − 278976RαβR
αβRγǫδρR
γδ ;ǫρ − 367872RαβRαγβ
σRδρǫσR
γδ ;ǫρ
+32256RαβRαǫβρ;γδR
γδ ;ǫρ + 486912RαβRαγβǫ;δρR
γδ ;ǫρ + 360960RαβRαγβδ ;ǫρR
γδ ;ǫρ
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+27264RRαβγδ ;ǫρR
αβγδ ;ǫρ + 293760Rαβ ;γRα
δǫρ;σRβγδǫ;ρσ + 116736R
αβRα
γδǫRγ
ρστRβδǫσ ;ρτ
−98304RαβRα
γδǫRβ
ρστRγδǫσ ;ρτ − 12288R
αβRα
γ
β
δRǫρστRγǫδσ ;ρτ + 176256RβγǫρR
αβ ;γδRδ
ǫ;ρ
α
−28800RβǫγρR
αβ ;γδRδ
ǫ;ρ
α + 81024RβδǫρR
αβ ;γ
γR
δǫ;ρ
α − 120576R
αβRγδRγǫδρRα
ǫ;ρ
β
+188928RαβRγδRβδǫρRα
ǫ;ρ
γ + 768R
αβRγδRβǫδρRα
ǫ;ρ
γ − 205056RβγǫρR
αβ ;γδRα
ǫ;ρ
δ
−96000RαǫβρR
αβ ;γδRγ
ǫ;ρ
δ − 768R
αβRγδRβγδǫRα
ǫ;ρ
ρ + 281568RR
;αR;α
β
β
+1066560Rαβ ;γRαγβδ ;ǫR
δǫ;ρ
ρ + 75744RαδβǫR
αβ ;γ
γR
δǫ;ρ
ρ + 396288R
αβRβδγρ;ǫσRα
γδǫ;ρσ
+453600Rαβγδ;ǫRαβ
ρσ ;τRγδǫρ;στ − 156672R
αβγδRγδǫρ;στRαβ
ǫρ;στ
+9600RδǫρσRαβ ;γRδǫρσ ;αβγ + 40320R
αβRγδ ;ǫRγǫ;αβδ + 442176R
αβRγδ ;ǫRγδ ;αβǫ
−642144RγδRγδ ;αR
;αβ
β − 42768R
αβRα
γ ;δRγδ;β
ǫ
ǫ + 522048RαδβǫR
αβ ;γRδǫ;γ
ρ
ρ
−634560RβγR;αRβγ ;α
δ
δ + 171840R
αβRβǫγρ;δR
γδ
;α
ǫρ − 88608RβδγǫR
αβ ;γRδǫ;α
ρ
ρ
+68760RγδǫρRγδǫρ;αR
;αβ
β + 33888R
γδRαγ ;δR
;αβ
β − 18912RαγδǫR
γδ ;ǫR;αββ + 7872RRαβ ;γR
;αβγ
−11712Rα
δRβδ ;γR
;αβγ + 30144RαδβǫR
δǫ
;γR
;αβγ + 26880RδǫRαδβǫ;γR
;αβγ + 1056Rα
δRβγ ;δR
;αβγ
+61824RαδβǫRγ
δ ;ǫR;αβγ + 7104R;αβγR
;αβγ − 42240RαβRγδ ;ǫRαǫ;βγδ + 18864R
;α
α
βR;β
γ
γ
−931584RαβRγδ ;ǫRαγ ;βδǫ − 10560RR
αβ ;γRαγ ;β
δ
δ + 23976R
αβRγδ ;αRγδ ;β
ǫ
ǫ
+6240RβγR
;αR;βγα − 21120RαβR
;αR;βγγ + 467328R
αβRγδ;ǫRαβ ;γδǫ + 10560R
βγR;αRαβ ;γ
δ
δ
−607680RRαβ ;γRαβ ;γ
δ
δ + 10656R
;αβγRαβ ;γ
δ
δ + 26352R
αβRα
γ ;δRβδ ;γ
ǫ
ǫ
−2736Rαδ ;β
ǫ
ǫR
αβ ;γ
γ
δ − 47616Rα
ǫρσRγǫρσ ;βR
αβ ;γδ
δ − 1536Rα
ρ
γ
σRδρǫσ ;βR
αβ ;γδǫ
+273984RRαγβδ;ǫR
αβ ;γδǫ − 87552Rαγ ;βδǫR
αβ ;γδǫ + 32448RαβRβδγǫ;ρRα
γ ;δǫρ
−747648Rαγ
ρσRβδρσ;ǫR
αβ ;γδǫ + 16896Rα
ρ
β
σRγρδσ ;ǫR
αβ ;γδǫ + 42624Rγδ ;αβǫR
αβ ;γδǫ
+43008Rαβ ;γδǫR
αβ ;γδǫ − 1368Rαβ ;γγ
δRαβ ;δ
ǫ
ǫ − 91632R
αβRγδ ;αRβγ ;δ
ǫ
ǫ + 1728624R
αβRα
γ ;δRβγ ;δ
ǫ
ǫ
+48000RαβRγδǫρ;σRαγβǫ;δρσ + 301248RβδγǫR
;αRβγ ;δǫα − 16416RαβγδR
;αRβγ ;δǫǫ
+2304RβǫδρR
αβ ;γRγ
δ ;ǫρ
α − 27936RβγδǫR
αβ ;γRα
δ ;ǫρ
ρ − 43008RαδβǫR
αβ ;γRγ
δ ;ǫρ
ρ
+93888RαβRαγβǫ;δR
γδ ;ǫρ
ρ + 172800RβδǫρR
αβ ;γRδǫ;ραγ − 2448R
αβ ;γ
γRαβ
;δ
δ
ǫ
ǫ
+379392RαβRαγβδ ;ǫR
γδ ;ǫρ
ρ + 4800Rαβγδ ;ǫρσR
αβγδ ;ǫρσ − 2304RγδǫρR
αβ ;γRδǫ;ραβ
+27648R;αβR;αβ
γ
γ + 27648R
αβ ;γδRγδ ;αβ
ǫ
ǫ + 34560R
αβRγǫδρR
γδ
;αβ
ǫρ − 58824RγδR
γδR;αα
β
β
+27900R2R;αα
β
β + 8640RγδǫρR
γδǫρR;αα
β
β + 6336RαβRR
;αβγ
γ + 24192R
δǫRαδβǫR
;αβγ
γ
+9216Rαβ
;δ
δR
;αβγ
γ + 2400RαβRγδR
;αβγδ + 1920Rα
ǫ
β
ρRγǫδρR
;αβγδ + 8640Rαβ ;γδR
;αβγδ
−60672RαβRγδRαγ ;βδ
ǫ
ǫ − 62208R
αβ ;γδRαγ ;βδ
ǫ
ǫ + 14256R
;α
αR
;β
β
γ
γ + 51072R
αβRγδRαβ ;γδ
ǫ
ǫ
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+27648Rαβ ;γδRαβ ;γδ
ǫ
ǫ − 99984R
αβRRαβ
;γ
γ
δ
δ + 3456R
;αβRαβ
;γ
γ
δ
δ + 48576RRαγβδR
αβ ;γδǫ
ǫ
−76032Rαγ
ρσRβδρσR
αβ ;γδǫ
ǫ + 6144Rα
ρ
β
σRγρδσR
αβ ;γδǫ
ǫ + 69120Rαγβδ ;ǫρR
αβ ;γδǫρ
+132288Rα
γRαβRβγ
;δ
δ
ǫ
ǫ + 69888R
αβRβδγǫRα
γ ;δǫρ
ρ + 67488R
αβRαγβδR
γδ ;ǫ
ǫ
ρ
ρ + 19440R
;αR;α
β
β
γ
γ
+14400Rαβ ;γR
;αβγδ
δ − 2880R
αβ ;γRαγ ;β
δ
δ
ǫ
ǫ − 1440R
αβ ;γRαβ ;γ
δ
δ
ǫ
ǫ + 43200Rαγβδ ;ǫR
αβ ;γδǫρ
ρ
+5280RR;αα
β
β
γ
γ + 7200RαβR
;αβγ
γ
δ
δ − 960R
αβRαβ
;γ
γ
δ
δ
ǫ
ǫ + 9600RαγβδR
αβ ;γδǫ
ǫ
ρ
ρ
+1800R;αα
β
β
γ
γ
δ
δ)
+
ξ
1814400
(32736Rα
γRαβRβ
δRγδR− 8436RαβR
αβRγδR
γδR− 59136Rα
γRαβRβγR
2
+43518RαβR
αβR3 + 19152RβγR
βγR;αR
;α
−5743R5 − 13944RαβRγδR2Rαγβδ − 3618R
3RαβγδR
αβγδ − 168RαβRγδRRαγ
ǫρRβδǫρ
+4480R2Rαβ
ǫρRαβγδRγδǫρ − 14832R
αβRγδRRα
ǫ
β
ρRγǫδρ + 3282RαβR
αβRRγδǫρR
γδǫρ
+2496RRαβ
ǫρRαβγδRγǫ
στRδρστ − 1248RRαβ
ǫρRαβγδRγδ
στRǫρστ − 696RRαβγδR
αβγδRǫρστR
ǫρστ
+100256RβγRRβγ ;αR
;α − 47648Rβ
δRβγRγδ ;αR
;α − 25664RβγRβδγǫR
δǫ
;αR
;α
−22052R2R;αR
;α − 2272RβγδǫR
βγδǫR;αR
;α − 11240RRβγδǫRβγδǫ;αR
;α − 14560RβγRδǫRβδγǫ;αR
;α
+7824Rβγ
ρσRβγδǫRδǫρσ ;αR
;α − 1440RαβRRγδ ;αRγδ ;β + 7520Rα
βRγδR;αRγδ ;β
−2640RβγRαδγǫR
;αRδǫ;β − 360Rα
γRβγR
;αR;β + 1240RαβRR
;αR;β + 2640RγδRαγβδR
;αR;β
+2864RβγRR;αRαβ ;γ + 2160R
2Rαγ ;βR
αβ ;γ + 5760RRα
δǫρRγδǫρ;βR
αβ ;γ + 28920R2Rαβ ;γR
αβ ;γ
−27840RRαδβǫR
δǫ
;γR
αβ ;γ − 3840Rβ
δRβγR;αRαγ ;δ − 8480Rα
βRγδR;αRβγ ;δ + 7680R
αβRRγδ ;βRα
γ ;δ
−4800RαβRRβδ ;γRα
γ ;δ − 85440RαβRRβγ ;δRα
γ ;δ − 1600RRαβγδR
;αRβγ ;δ
−4800Rα
ǫ
δ
ρRβǫγρR
;αRβγ ;δ + 1440Rαβ
ǫρRγδǫρR
;αRβγ ;δ − 6112RβγRβδγǫR
;αRα
δ ;ǫ
+1920RRβγδǫR
αβ ;γRα
δ ;ǫ + 11840RβγRαδγǫR
;αRβ
δ ;ǫ + 1600RβγRαǫγδR
;αRβ
δ ;ǫ
+7680RRαδβǫR
αβ ;γRγ
δ ;ǫ − 14400RαβRRαγβǫ;δR
γδ ;ǫ − 34080RαβRRαγβδ ;ǫR
γδ ;ǫ
−2700R2Rαβγδ ;ǫR
αβγδ ;ǫ + 3136RβγRβ
δǫρR;αRαδγǫ;ρ − 960Rα
βRγδǫρR;αRβγδǫ;ρ
−12960RαβRRβδγρ;ǫRα
γδǫ;ρ + 10800RRαβγδRγδǫρ;σRαβ
ǫρ;σ − 3880R;αR;βR;αβ
+960R;αRβγ ;δRβδ;αγ − 480R
;αRβγ ;δRβγ ;αδ − 8608Rβ
δRβγRγδR
;α
α + 16440RβγR
βγRR;αα
−5064R3R;αα − 7680R
βγRδǫRβδγǫR
;α
α − 2484RRβγδǫR
βγδǫR;αα + 1912Rβγ
ρσRβγδǫRδǫρσR
;α
α
+240Rβδ ;γR
βγ ;δR;αα + 600Rβγ ;δR
βγ ;δR;αα − 660Rβγδǫ;ρR
βγδǫ;ρR;αα − 12352Rα
γRβ
δRγδR
;αβ
+7056RαβRγδR
γδR;αβ + 13888Rα
γRβγRR
;αβ − 6696RαβR
2R;αβ + 1184RγδRRαγβδR
;αβ
−2240Rβ
γRδǫRαδγǫR
;αβ − 6912RγδRα
ǫ
γ
ρRβǫδρR
;αβ + 4544RγδRα
ǫ
β
ρRγǫδρR
;αβ
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−816RαβRγδǫρR
γδǫρR;αβ − 80Rγδ ;αRγδ;βR
;αβ − 600Rγδǫρ;αRγδǫρ;βR
;αβ − 640Rγδ ;βRα
γ ;δR;αβ
+1440Rβδ ;γRα
γ ;δR;αβ − 480Rβγ ;δRα
γ ;δR;αβ + 640Rαγδǫ;βR
γδ ;ǫR;αβ − 1920Rαγβδ ;ǫR
γδ ;ǫR;αβ
−1728RγδRγδ ;αβR
;αβ − 2376RR;αβR
;αβ − 640RγδǫρRγδǫρ;αβR
;αβ − 480R;αRβγ ;δRαδ ;βγ
+11136RαβRγδRRαγ ;βδ − 3156R;αR
;αR;ββ − 2880RR
;α
αR
;β
β − 3840Rβγ ;αR
;αR;βγ
+7952R;αRαβ ;γR
;βγ − 1008RβγR
;α
αR
;βγ − 10464RαβRγδRRαβ ;γδ + 960R
;αRβγ ;δRαβ ;γδ
−1728RγδR;αβRαβ ;γδ + 3328RαγR
;αβR;γβ + 18000R
αβR2Rαβ
;γ
γ + 1800R
;αR;βRαβ
;γ
γ
−720RR;αβRαβ
;γ
γ − 8352R
2RαγβδR
αβ ;γδ + 14016RRαγ
ǫρRβδǫρR
αβ ;γδ − 384RRα
ǫ
β
ρRγǫδρR
αβ ;γδ
−1872RRγδ ;αβR
αβ ;γδ + 4032RRαγ ;βδR
αβ ;γδ − 1872RRαβ ;γδR
αβ ;γδ − 5856RαγβδR
;αβR;γδ
+4096RγδR;αβRαγ ;δβ − 2304R
αβRRγδǫρRαγβǫ;δρ + 216RR
αβ ;γ
γRαβ
;δ
δ − 23904Rα
γRαβRRβγ
;δ
δ
+240Rβγ ;αR
;αRβγ
;δ
δ + 384R
;αRα
β ;γRβγ
;δ
δ + 1248R
βγR;ααRβγ
;δ
δ − 480Rα
γR;αβRβγ
;δ
δ
−8448RαβRRβδγǫRα
γ ;δǫ − 3744R;αRαδβǫ;γR
βγ ;δǫ + 4320R;αRαβγδ ;ǫR
βγ ;δǫ − 3648RβδγǫR
;α
αR
βγ ;δǫ
−5760R;αRβγδǫ;ρRαβγδ ;ǫρ + 512RαγδǫR
;αβRγδ ;ǫβ − 12288R
αβRRαγβδR
γδ ;ǫ
ǫ − 1440RαγβδR
;αβRγδ ;ǫǫ
−576RRαβγδ ;ǫρR
αβγδ ;ǫρ − 7080RR;αR;α
β
β + 240R
βγR;αRβγ ;α
δ
δ + 1200R
γδRγδ ;αR
;αβ
β
−1120RγδǫρRγδǫρ;αR
;αβ
β + 640R
γδRαγ ;δR
;αβ
β + 640RαγδǫR
γδ ;ǫR;αββ − 1200RRαβ ;γR
;αβγ
+800Rα
δRβδ ;γR
;αβγ − 2080RαδβǫR
δǫ
;γR
;αβγ − 2400RδǫRαδβǫ;γR
;αβγ − 80Rα
δRβγ ;δR
;αβγ
−4160RαδβǫRγ
δ ;ǫR;αβγ − 960R;αβγR
;αβγ − 2640R;αα
βR;β
γ
γ + 480RR
αβ ;γRαγ ;β
δ
δ
−1360RβγR
;αR;βγα + 2480RαβR
;αR;βγγ + 480R
βγR;αRαβ ;γ
δ
δ + 240RR
αβ ;γRαβ ;γ
δ
δ
−720R;αβγRαβ ;γ
δ
δ − 5760RRαγβδ ;ǫR
αβ ;γδǫ − 3840RβδγǫR
;αRβγ ;δǫα + 480RαβγδR
;αRβγ ;δǫǫ
−3792R;αβR;αβ
γ
γ + 584RγδR
γδR;αα
β
β − 1604R
2R;αα
β
β − 272RγδǫρR
γδǫρR;αα
β
β
−1264RαβRR
;αβγ
γ − 1888R
δǫRαδβǫR
;αβγ
γ − 624Rαβ
;δ
δR
;αβγ
γ − 160RαβRγδR
;αβγδ
−128Rα
ǫ
β
ρRγǫδρR
;αβγδ − 576Rαβ ;γδR
;αβγδ − 2088R;ααR
;β
β
γ
γ + 240R
αβRRαβ
;γ
γ
δ
δ
−240R;αβRαβ
;γ
γ
δ
δ − 1920RRαγβδR
αβ ;γδǫ
ǫ − 2760R
;αR;α
β
β
γ
γ − 960Rαβ ;γR
;αβγδ
δ
−840RR;αα
β
β
γ
γ − 480RαβR
;αβγ
γ
δ
δ − 120R
;α
α
β
β
γ
γ
δ
δ)
+
ξ2
30240
(584Rα
γRαβRβγR
2 − 654RαβR
αβR3 + 99R5 + 456RαβRγδR2Rαγβδ + 72R
3RαβγδR
αβγδ
−80R2Rαβ
ǫρRαβγδRγδǫρ − 24R
βγRRβγ ;αR
;α − 26RβγR
βγR;αR
;α + 257R2R;αR
;α
+17RβγδǫR
βγδǫR;αR
;α + 72RRβγδǫRβγδǫ;αR
;α + 90Rα
γRβγR
;αR;β − 300RαβRR
;αR;β
+48RγδRαγβδR
;αR;β − 48RβγRR;αRαβ ;γ − 12R
2Rαγ ;βR
αβ ;γ − 6R2Rαβ ;γR
αβ ;γ
−48RRαβγδR
;αRβγ ;δ + 27R2Rαβγδ;ǫR
αβγδ ;ǫ + 312R;αR;βR;αβ − 60RβγR
βγRR;αα + 162R
3R;αα
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+36RRβγδǫR
βγδǫR;αα + 60RαβR
2R;αβ + 144RγδRRαγβδR
;αβ + 200RR;αβR
;αβ + 252R;αR
;αR;ββ
+238RR;ααR
;β
β + 168Rβγ ;αR
;αR;βγ − 312R;αRαβ ;γR
;βγ + 56RβγR
;α
αR
;βγ − 128RαγR
;αβR;γβ
−24RαβR2Rαβ
;γ
γ − 72R
;αR;βRαβ
;γ
γ + 48RR
;αβRαβ
;γ
γ + 144R
2RαγβδR
αβ ;γδ + 224RαγβδR
;αβR;γδ
+588RR;αR;α
β
β + 72RRαβ ;γR
;αβγ + 36R;αβγR
;αβγ + 102R;αα
βR;β
γ
γ + 72RβγR
;αR;βγα
−102RαβR
;αR;βγγ + 144R
;αβR;αβ
γ
γ + 138R
2R;αα
β
β + 72RαβRR
;αβγ
γ + 84R
;α
αR
;β
β
γ
γ
+108R;αR;α
β
β
γ
γ + 36RR
;α
α
β
β
γ
γ)
+
ξ3
2160
(2RαβR
αβR3 − 5R5 − 2R3RαβγδR
αβγδ − 66R2R;αR
;α + 36RαβRR
;αR;β − 36R;αR;βR;αβ
−42R3R;αα − 12RαβR
2R;αβ − 24RR;αβR
;αβ − 30R;αR
;αR;ββ − 30RR
;α
αR
;β
β − 72RR
;αR;α
β
β
−18R2R;αα
β
β) +
ξ4
144
(R5 + 6R2R;αR
;α + 4R3R;αα)−
ξ5
120
R5 (17)
We checked that the above general results coincide with those reported in references
[31, 33]. As we can see, Hadamard-DeWitt coefficients are extremely complicated local ex-
pressions constructed from the Riemmann tensor, their covariant derivatives, and contrac-
tions. However, the fact that the above results are valid for a generic spacetime, being static,
stationary or non-stationary, gives rise to the possibility of use them to obtain relatively sim-
ple expressions for the field fluctuation of quantum massive scalar field in spacetimes with
higher degree of symmetry.
As we can see from the structure of the coincidence limits of Hadamard-DeWitt coeffi-
cients above, they are local geometric terms that depends of the coupling constant ξ and
the parameters that describe the geometry of the gravitational background. For the point-
like global monopole spacetime, the only parameter that characterizes the geometry of the
manifold is that of which depends the angle deficit factor, i.e, α. Then, we expect that the
vacuum polarization let be a function of ξ, α and the distance r from the monopole core.
IV. VACUUM POLARIZATION IN POINTLIKE GLOBAL MONOPOLE SPACE-
TIME
A. General results
Evaluating the general formulas obtained in the spacetime background of a pointlike
global monopole (4) we obtain simple results for the coincidence limits of the Hadamard-
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DeWitt coefficients:
a1 =
(6ξ − 1) (α2 − 1)
3r2
(18)
a2 =
(α2 − 1)
15r4
[
30 ξ2
(
α2 − 1
)
− α2 + 10 ξ − 1
]
(19)
a3 =
(α2 − 1) [β1 ξ
3 + β2 ξ
2 + β3 ξ − 25α
4 − 25α2 − 4]
315 r6
(20)
where β1 = 420α
4 − 840α2 + 420, β2 = 630α
4 − 420α2 − 210 and β3 = 210α
2 + 42. For a4
we obtain the result
a4 =
(1− α2) [λ0(r, α) + λ1(r, α) ξ
4 + λ2(r, α) ξ
3 + λ3(r, α) ξ
2 + λ4(r, α) ξ]
945 r10
(21)
where λ0(r, α) = 161α
6r2 + 161α4r2 + 35α2r2 + 3 r2, λ1(r, α) = −630α
6r2 + 1890α4r2 −
1890α2r2+630 r2, λ2(r, α) = −3360α
6r2+6300α4r2−2520α2r2−420 r2, λ3(r, α) = 3696α
8−
1932α6r2 − 7392α6 + 252α4r2 + 3696α4 + 1554α2r2 + 126 r2 and λ4(r, α) = −1260α
4r2 −
336α2r2 − 24 r2.
The last coefficient that we considered in this work, a5, is given by
a5 =
(1− α2) {ω0(r, α) + α
4r6 [ω1(α) ξ
4 + ω2(α) ξ
3 + ω3(α) ξ
2 + ω4(α) ξ]}
1871100 r16
(22)
where
ω0(r, α) = α
2
[
46860
(
1 + α8
)
− 117150α2
(
1 + α4
)
+ 156200α4 − 7810α10
]
+4862649α2r2
(
1 + α4 + α6 + α10
)
− 24313245α4r2
(
1 + α6
)
+α4r4
[
−7461732
(
1 + α8
)
+ 29846928α2(1 + α4)− 44770392α4
]
+α4r6
(
2160 + 1546549α2 − 4170957α4 + 5283387α6 − 393139α8
)
+70272α10r8
(
1 + α2
)
+ 49202α10r10
(
α2 − 1
)
, (23)
ω1(α) =
(
−7484400α6 − 2245320α4 − 237600α2 − 11880
)
, (24)
ω2(α) =
(
−22453200α12 + 11226600α10 + 9979200α8 + 1199880α6 + 47520
)
, (25)
ω3(α) =
(
−22453200α8 + 40748400α6 − 14303520α4 − 3825360α2 − 166320
)
, (26)
ω4(α) =
(
−6237000α8 + 18295200α6 − 17463600α4 + 4989600α2 + 415800
)
, (27)
and
ω5(α) = 498960
(
−α8 + 4α6 − 6α4 + 2α2 − 1
)
. (28)
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The above expressions show that all the geometric coefficients [ak] are decreasing functions
of the distance r to monopole’s core. Substituting (18) to (28) in (12), we can obtain analytic
formulae for the field fluctuation < φ2 >reg that describes vacuum polarization, for arbitrary
values of the coupling parameter ξ, in the pointlike global monopole spacetime.
At this point we distinguish four main approximations. The leading approximation 〈φ2〉
(1)
is obtained evaluating the first term in (12), that is proportional to the coefficient a2, and
to the inverse squared mass of the scalar field:
〈
φ2
〉(1)
=
a2
16pi2µ2
(29)
For the pointlike global monopole spacetime the result is
〈
φ2
〉(1)
=
(α2 − 1) (30α2ξ2 − α2 − 30ξ2 + 10ξ − 1)
240pi2µ2r4
(30)
Higher order terms includes higher Hadamard-DeWitt coefficients and higher powers of
the squared inverse mass of the field. The next to leading term 〈φ2〉
(2)
includes a2 and a3,
and is given by 〈
φ2
〉(2)
=
1
16pi2µ2
(
a2 +
a3
µ2
)
(31)
which results for the pointlike global monopole background
〈
φ2
〉(2)
=
(α2 − 1)
5040pi2µ4r6
[
η0(r) + η1(r)ξ + η2(r)ξ
2 + η3(r)ξ
3
]
(32)
where η0(r) = − (25α
2 − 21µ2r2) (α2 + 1) − 4, η1(r) = 210 (α
2 + µ2r2) + 42, η2(r) =
630 [α4 + µ2r2 (α2 − 1)]− 210 (2α2 + 1) and η3(r) = 420 [α
2 (α2 − 2) + 1].
The next to next to leading approximation for the field fluctuation 〈φ2〉
(3)
includes also
a4: 〈
φ2
〉(3)
=
1
16pi2µ2
(
a2 +
a3
µ2
+
2 a4
µ4
)
(33)
The result is 〈
φ2
〉(3)
=
(1− α2)
15120pi2µ6r10
3∑
j=0
4∑
k=0
κjk(α, µ)r
2jξk (34)
where the coefficients κjk(α, µ) that are non zero are given by
κ10(α, µ) = 322
(
α6 + α4
)
+ 70α2 + 6 (35)
κ20(α, µ) = 75α
2µ2
(
1 + α2
)
+ 12µ2, (36)
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κ30(α, µ) = 63µ
4
(
α2 + 1
)
, (37)
κ11(α, µ) = −α
2
(
2520α2 + 672
)
− 48, (38)
κ21(α, µ) = −126µ
2
(
5α2 − 1
)
, (39)
κ31(α, µ) = −630µ
4, (40)
κ02(α, µ) = 7392α
4
(
1 + 2α6 + α8
)
, (41)
κ12(α, µ) = 252 + α
2
(
−3864α3 + 504α2 + 3108
)
, (42)
κ22(α, µ) = 630µ
2
[
1 + α2
(
2− 3α2
)]
, (43)
κ32(α, µ) = 1890µ
4
(
1− α2
)
(44)
κ13(α, µ) = 8040
[
α2
(
6 + 15α2 − 8α4
)
− 1
]
, (45)
κ23(α, µ) = 1260µ
2
[
α2
(
2− α2
)
− 1
]
(46)
and
κ14(α, µ) = 1260
[
1 + α2
(
α4 + 3α2 − 3
)]
(47)
Finally, the next to next to next to leading term 〈φ2〉
(4)
, that includes [a5] is given by
〈
φ2
〉(4)
=
1
16pi2µ2
(
a2 +
a3
µ2
+
2 a4
µ4
+
6 a5
µ6
)
(48)
which in the metric of our interest results in
〈
φ2
〉(4)
=
1− α2
4989600pi2µ8r16
6∑
j=0
5∑
k=0
χjk(α, µ)r
2jξk (49)
were the coefficients χ(α, µ) that are non zero are given by
χ00(α, µ) = 7810
[
α12 + 2
(
α2 + α10
)
− 15
(
α4 + α8
)
+ 20α6
]
(50)
χ10(α, µ) = 4862649α
2{−α12 + 5
[
α10 − 2
(
α6 + α8
)
− α4
]
+ 1} (51)
χ20(α, µ) = 7461732α
4
[
−α8 + 4
(
α2 + α6
)
− 6α4 + 1
]
(52)
χ30(α, µ) = α
4
(
−393139α8 + 5283387α6 − 4170957α4 + 1546549α2 + 2160
)
(53)
χ40(α, µ) = α
14µ2
[
106260α4
(
α2 + 1
)
+ 23100α2 + 1980
]
− 70272α10
(
α2 − 1
)
(54)
χ50(α, µ) = α
14µ4
[
24750
(
α4 + α2
)
+ 3960
]
+ 492024α10
(
α2 − 1
)
(55)
χ60(α, µ) = 20790α
14µ6
(
α2 + 1
)
, (56)
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χ31(α, µ) = α
4
(
−7484400α6 − 2245320α4 − 237600α2 − 11880
)
(57)
χ41(α, µ) = α
14µ2
(
−831600α4 − 221760α2 − 15840
)
, (58)
χ51(α, µ) = −41580α
14µ4
(
1 + 5α2
)
(59)
χ61(α, µ) = −207900α
14µ6, (60)
χ32(α, µ) = 3960α
4
(
α2 − 1
) [
616
(
α2 − 1
)
α14µ2 − 315
(
18α6 + 9α4 + α2
)
− 12
]
(61)
χ42(α, µ) = −27720(α− 1)α
14(α + 1)
(
46α4 + 40α2 + 3
)
µ2, (62)
χ52(α, µ) = −207900α
14(−1 − 2α2 + 3α4)µ4 (63)
χ62(α, µ) = 623700α
14
(
1− α2
)
µ6, (64)
χ33(α, µ) = −166320α
4
(
135α8 − 245α6 + 86α4 + 23α2 − 1
)
(65)
χ43(α, µ) = 277200α
14
(
1− α2
)2 (
8α2 + 1
)
µ2, (66)
χ53(α, µ) = 415800α
14
(
1− α2
)2
µ4 (67)
χ34(α, µ) = 415800α
4
(
1− α2
)3 (
15α2 + 1
)
, (68)
χ44(α, µ) = 415800α
14
(
1− α2
)3
µ2 (69)
and finally
χ35(α, µ) = 498960α
4
(
1− α2
)4
(70)
In the rest of the paper, we will analyze to what extent the inclusion of higher order
terms in (12) leads to appreciable corrections to the leading value 〈φ2〉
(1)
of the vacuum
polarization in the pointlike global monopole spacetime.
In Figure 1 we show the dependence of the four main approximations for the vacuum
polarization on the coupling parameter ξ, for a scalar field with mass µ = 2 coupled to the
point like global monopole at some fixed distance from the monopole’s core.
The first thing to note is the almost linear dependance of the field fluctuation on the
coupling parameter, in all the approximations. This fact is due to the small value of α2,
which causes the terms proportional to ξk with k = 2, 3, 4, 5 appearing in the expression for
〈φ2〉
(k)
to be very small, so that the mean effect is linear in ξ.
As we can easily seen from the figure, the four approximations leads to results that differ
considerably from each other, with more pronounced differences for values of the coupling
constant close to the minimal value ξ = 0. This situation is in contrast with that encountered
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Figure 1. Dependance on the coupling constant ξ of the field fluctuation 16pi2
〈
φ2
〉(k)
for k = 1
(dotted line), k = 2 (dashed line), k = 3 (dotdashed line), and k = 4 (solid line), for massive
scalar field in the pointlike global monopole spacetime. The values of the parameters used in the
calculations are µ = 2, r = 13 , and 1− α
2 = 10−5
in other systems, as for example the Reissner-Nordstrom black hole spacetime [33], for which
the next to next to leading approximations gives results closely to the next to leading one,
which indicates that 〈φ2〉
(2)
is a good approximation for the field fluctuation .
The surprisingly different result obtained in our case is an indication that, in the case
of a pointlike global monopole spacetime, we need to take into account the next to next to
next to leading term 〈φ2〉
(4)
to have a closer approximation to the real value of the field’s
fluctuation.
An interesting result that we can see from Figure 1 is that for each of the approxima-
tions, there exist some critical value of the coupling constant at which the field fluctuation
vanishes, becoming negative for values greater than this critical value. However, the vacuum
polarization is always positive for the minimal and the conformally coupled case.
In the following we shall confine ourselves to the physically important cases of minimally
and conformally coupled scalar fields.
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Figure 2. Dependance on the distance from the monopole of the field fluctuation 16pi2
〈
φ2
〉(k)
min
for k = 1 (dotted line), k = 2 (dashed line), k = 3 (dotdashed line), and k = 4 (solid line), for
massive scalar field minimlly coupled to gravity in the pointlike global monopole spacetime. The
values of the parameters used in the calculations are µ = 2, and 1− α2 = 10−5
B. Minimal coupling
For the case of a massive scalar field minimally coupled to the gravitational field of the
global monopole, the leading approximation for the field fluctuation is given by
〈
φ2
〉(1)
min
=
1− α4
240 pi2r4µ2
(71)
The next to leading approximation results
〈
φ2
〉(2)
min
=
21 (1− α4)µ2r2 − 25α6 + 21α2 + 4
5040 pi2µ4r6
(72)
The next to next to leading term is given by (34) with j = 1, 2, 3 and the coefficients in
(35)-(37), whereas the next to next to next to leading approximation is given by 49 with
j = 1 to j = 6 with coefficients given by formulas 50 to 56 respectively.
In Figure 2 we show the dependance of the vacuum polarization with the distance r to
monopole’s core, for the four main approximation studied in this paper. As we can see, the
field fluctuation decreases from the monopole’s core, with 〈φ2〉
(k)
min → 0 as r →∞.
The most important thing to be noted is the different results that produced all the
considered approximation, because each term corresponding to a higher approximation con-
siderably modifies the result of the previous one. This is similar to the result encountered
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for the dependance of the vacuum polarization with the coupling parameter ξ. This again
is in contrast with previous calcultions in spherically symmetric spacetimes, specifically in
the line element describing a Reissner-Nordstrom black hole, for which Matyjasek et. al find
that the next to next to leading approximation differ only slightly from the next to leading
one, an indication that the the changes in the field fluctuation produced by [a4] are relatively
small [33].
For the case of global monopole spacetime, it seems that the situation is completely
different. Not only the next to next to leading term differ considerably from the next to
leading one, also the same happens with the more higher next to next to next to leading term
with respect to the previous one. All the above indicates that for the minimally coupled
massive scalar field in the background of a pointlike global monopole we need to consider at
most the first four terms in the expansion 12,to provide a good approximation to the real
value of the field fluctuation.
C. Conformal coupling
For conformal coupling we have ξ = 1
6
, which gives as the leading approximation to the
vacuum polarization the result:
〈
φ2
〉(1)
conf
=
1
6
〈
φ2
〉(min)
leading
=
1− α4
1440 pi2r4µ2
(73)
For the next to leading approximation we obtain
〈
φ2
〉(2)
conf
=
(1− α2)
90720 pi2µ4r6
[
(α2 + 1)(63µ2r2 + 100α2) + 16
]
(74)
The next to next to leading approximation is given by
〈
φ2
〉(3)
conf
=
(1− α2)
18144 r10pi2µ6
3∑
k=0
qk(α) r
2k µ2(k−1) (75)
where q0(α) = 2464α
4(α4 − 2α2 + 1) q1(α) = 2191α
6 − 273α4 + 217α2 + 32 q2(α) =
200α4 + 200α2 + 32 and q3(α) = 126 (α
2 + 1).
The next to next to next to leading term for the field fluctuation for conformal coupling
is 〈
φ2
〉(4)
conf
=
1− α2
4989600pi2µ8r16
6∑
k=0
Λk(α, µ) r
2k (76)
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Figure 3. Dependance on the distance from the monopole of the field fluctuation Λ = 16pi2
〈
φ2
〉(k)
conf
for k = 1 (dotted line), k = 2 (dashed line), k = 3 (dotdashed line), and k = 4 (solid line), for
massive scalar field conformally coupled to gravity in the pointlike global monopole spacetime. The
values of the parameters used in the calculations are µ = 2, and 1− α2 = 10−5
where
Λ0(α, µ) = 7810
(
α2 − 1
)6
, (77)
Λ1(α, µ) = −4862649α
2
(
α2 − 1
)5
, (78)
Λ2(α, µ) = 7461732α
4
(
α2 − 1
)4
, (79)
Λ3(α, µ) =
1
3
α4
[
−3376997α8 + 13652581α6 − 13044171α4 + 4580027α2
+203280
(
α2 − 1
)2
α14µ2 + 2960
]
, (80)
Λ4(α, µ) =
55
2
α14
[
7
(
313α4 − 39α2 + 31
)
α2 + 25
]
µ2 − 70272α10
(
α2 − 1
)
, (81)
Λ5(α, µ) = 492024
(
α2 − 1
)
α10 + 220
(
25
(
α4 + α2
)
+ 4
)
α14µ4 (82)
and
Λ6(α, µ) = 3465α
14
(
α2 + 1
)
µ6 (83)
From the above expressions, we see that for the conformally coupled case, the field fluc-
tuation is also a decreasing function of the distance r from monopole’s core, vanishing for
large values of r. A strong similarity with the minimally coupled case is appreciated from
Figure 3, when we plot the quantity Λ = 16pi2 〈φ2〉
(k)
conf as a function of r using the values
µ = 2, and 1− α2 = 10−5 for the parameters involved in the calculations.
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As we can observe, a conformally coupled massive scalar field have field fluctuation
strongly dependent of the approximation used. Again the approximation 〈φ2〉
(4)
conf differ
considerably from the next to next to leading term 〈φ2〉
(3)
conf, and this two approximations
also differs from the leading and the next to leading ones. This is a strong indication of the
necessity to take into account the coincidence limits of the Hadamard-DeWitt coefficients
up to [a5], to get a good approximation for the vacuum polarization.
V. CONCLUDING REMARKS
In this paper we set ourselves the objective of constructing the approximate field fluctu-
ations, for a quantized massive scalar field in the space-time of a pointlike global monopole.
Using the Schwinger-DeWitt expansion for the Green’s function associated with the Klein-
Gordon dynamical operator, we find analytical expressions for the vacuum polarization, as
an expansion in powers of inverse squared mass of the field.
The different approximations constructed go from the leading one, proportional to µ−2,
being µ the mass of the scalar field, up to terms involving the powers µ−8, which form which
we called the next to next to next to leading approximation for 〈φ2〉. The leading term is
proportional to the coincidence limit of the Hadamard-DeWitt coefficient [a2], whereas the
higher order term considered in this work is proportional to [a5].
Although the Hadamard-DeWitt coefficients are extremely complicated local expressions
constructed from the Riemmann tensor, their covariant derivatives, and contractions, in
this work we show that, in the case of spacetime associated with a global monopole, these
expressions are considerably simplified, giving place to relatively simple results.
The results obtained for the field fluctuations of the quantized massive scalar field in the
global monopole background shows that taking into account higher order terms substantially
improve the approximation. We concluded that for this spacetimes, we need to use the next
to next to next to leading term to obtain a good description of the vacuum polarization.
This situation is in contrast with that obtained for other spacetimes with spherical sym-
metry, as the one describing a Reissner-Nordstrom black hole, for which previous studies
showed that the next to leading term, proportional to [a3], provides a reasonable good
approximation.
Our calculations constitutes a first step in the study of vacuum polarization of massive
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fields in pointlike global monopole’s background, using the Schwinger-DeWitt proper time
formalism. Future work will be devoted to the determination of the renormalized stress-
energy tensor for the quantized field in this spacetime. Finding the stress energy tensor
involves the calculation of the functional derivatives of the renormalized quantum effective
action, whose leading term is proportional to the coincidence limit of the Hadamard-DeWitt
coefficient [a3]. For this reason, it is a more difficult problem than the related calculation of
the field fluctuation.
However, for conformally coupled scalar field, there exist a relation between the field
fluctuation of the scalar field and the trace anomaly of the stress energy tensor. As showed
by Anderson in reference [9], we have for the trace 〈T νν 〉 the expression
〈T νν 〉 =
a2
16pi2
− µ2
〈
φ2
〉
(84)
As the leading approximation for the field fluctuation exactly cancel the anomaly in 84,
proportional to [a2], then the leading approximation to the trace of the quantum stress
energy tensor comes from the next to leading term in the field fluctuation, that involves [a3].
Substituting 73 and 74 in 84 we obtain for the trace of the quantum stress energy tensor
for a conformally coupled massive scalar field in the pointlike global monopole spacetime
the result
〈T νν 〉 =
25α6 − 21α2 − 4
22680pi2µ2r6
(85)
This derivation of the above result involve much less effort in comparison with the calcu-
lation of the components of the stress energy tensor by functional derivation of the effective
action with respect to the metric tensor, and the subsequent summation of diagonal entries
of this quantity, and 85 can be useful to check the results of that type of calculation.
Another interesting problem arise when considering the backreaction effects of the quan-
tized massive fields upon the spacetime geometry around the monopole. In future reports
we will address also this specific problems.
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